Introduction {#Sec1}
============

The landscape of pediatric intensive care has changed immensely since the advent of the first pediatric intensive care units (PICUs) in the 1950s and 1960s \[[@CR1]\]. Through advances in mechanical support, medications, and procedures, mortality has been greatly reduced \[[@CR2]\], but many pediatric survivors of critical illnesses will experience long-term disabilities, higher readmission rates, and overall poorer health status \[[@CR3]--[@CR8]\]. Such knowledge of the harm of an ICU stay, initially described in the adult ICU population, led the movement to reevaluate ICU clinical practice patterns and culture. With increasing awareness of the long-term detriments of an ICU stay, the term post-intensive care syndrome (PICS) was coined to describe the combination of negative cognitive, psychological, and physical effects after critical illness \[[@CR9], [@CR10]•\].

PICS has been described in children as well, although the true incidence is difficult to determine \[[@CR11], [@CR12]\]. Studies have shown up to 25% of children may display negative psychological and behavioral outcomes in the first year following PICU discharge including ongoing fears, changes in memory, attention span, cognitive functioning, self-esteem, or self-confidence, and a large proportion of PICU survivors may suffer from post-traumatic stress symptoms \[[@CR13]--[@CR15]\]. Several studies have described significant motor deficits and exacerbation of baseline physical disabilities in children post-ICU stay \[[@CR4], [@CR6], [@CR16]\]. A systematic review published in 2017 found 19 studies documenting deficits in all three PICS domains in PICU survivors \[[@CR12]\]. Although these pediatric cohort studies have found significant morbidities, it is difficult to compare data and estimate a true incidence due to varied outcomes scales and measures \[[@CR12]\]. In addition to patient deficits, parents or family members of critically ill children can experience depression or post-traumatic stress disorder (PTSD) symptoms as well \[[@CR13], [@CR17]\].

Given these findings, recent focus has shifted from solely improving mortality to better understanding and preventing the long-term psychologic, social, and physical impairment experienced by critically ill patients and their families. A compelling body of literature, mostly adult, surfaced to support several changes in clinical care to ameliorate PICS and the effects of an ICU stay. The ICU Liberation Collaborative was a quality improvement initiative hosted by the Society of Critical Care Medicine among 76 hospitals (67 adult and 9 pediatric) formed to implement and assess changes in clinical practice aimed at improving patient outcomes. The collaborative worked to integrate the ICU liberation bundle, also known as the ABCDEF bundle, in the care of their patients to mitigate the effects of an ICU stay \[[@CR10]•\]. Bundle implementation resulted in substantial improvements among adult ICU patients \[[@CR18]••, [@CR19]\]. In two large multicenter studies at varied types of ICUs \[[@CR18]••, [@CR19]\], even partial bundle implementation resulted in improvement in survival, mechanical ventilation use, coma, delirium, restraint-free care, ICU readmissions, and post-ICU discharge disposition. Furthermore, the data supported a dose-response relationship, in which a higher proportion of bundle compliance correlated with improved clinical outcomes. Although pediatric data is limited, these results have further supported the use of the ABCDEF bundle in all ICU patients, including PICU patients.

Systematic Approach to Liberation {#Sec2}
=================================

The ICU liberation bundle, also known as the ABCDEF bundle (Table [1](#Tab1){ref-type="table"}), is an evidence-based guideline to liberate patients from the harmful effects of an ICU stay. This large-scale quality improvement strategy offers guidance for the daily care of critically ill patients that can reduce pain, agitation, and delirium, in an effort to prevent physical, psychological, and cognitive morbidities that limit or prolong recovery. The components of the bundle include assessment, prevention, and management of pain; both spontaneous awakening and breathing trials; choice of sedation and analgesia; delirium assessment, prevention and management; early mobility and exercise; and family engagement and empowerment.Table 1Components of the ICU liberation bundleLetterClinical componentAAssess, prevent, and manage painBBoth SATs (spontaneous awakening trials) and SBTs (spontaneous breathing trials)CChoice of analgesia and sedationDDelirium: assess, prevent, and manageEEarly mobility and exerciseFFamily engagement and empowerment

The ICU Liberation Bundle {#Sec3}
=========================

Assess, Prevent, and Manage Pain {#Sec4}
--------------------------------

Pain and agitation are prevalent issues for pediatric patients during critical illness, and the overall goal of pain management within the PICU should be to maintain children in a calm, comfortable state that minimizes pain, but in which the patient is also able to remain alert and lucid during recovery. A key first step in managing pain is to correctly assess a patient's pain level. Self-report is a reliable indicator of pain; however, it has been shown that a large proportion of pediatric patients in the PICU are unable to self-report their pain \[[@CR20]\]. The heterogenous ages and developmental levels of the patients, in addition to the use of invasive support, can make adequate pain assessment challenging. To ameliorate this, a reliable and valid pain scale, appropriate for different ages, should be used for assessing pain and titrating medications when self-reporting is not possible.

The choice of pain scale used will depend on patient age and the verbal and cognitive capacity of the patient. In pediatrics, validated pain scales include the Face, Legs, Activity, Crying, Consolability (FLACC) Scale for nonverbal children 0 to 6 years of age \[[@CR21]\], the Individualized Numeric Rating Scale (NRS) for nonverbal cognitively impaired children aged 6 years and older \[[@CR22]\], and the Wong-Baker Faces Pain Scale (FACES) for verbal children 3 years or older \[[@CR23]\]. In each of these scales, a score of 0 to 10 can be assigned, with higher scores indicating more pain. In addition to the use of medications to treat acute pain, nonpharmacologic interventions should be considered as adjuncts. Examples include repositioning, distraction, increasing caregiver presence, heat/cold compresses, or the use of massage therapy, music therapy, and child life therapy \[[@CR24]--[@CR26]\].

### Tips for Implementation {#FPar1}

Start by choosing a validated assessment tool to systematically evaluate levels of pain (in pediatrics, this includes the NRS, FACES, and FLACC Scales) and incorporate this into daily nursing assessments. Discuss among key stakeholders how higher pain scores should be addressed with medications and nonpharmacologic interventions and be sure to include reassessment of pain scores after intervention.

Both Spontaneous Awakening Trials and Spontaneous Breathing Trials {#Sec5}
------------------------------------------------------------------

Prolonged mechanical ventilation is associated with increased patient morbidity and mortality and there is evidence that reducing the duration of mechanical ventilation through ventilator weaning protocols can improve clinical outcomes \[[@CR27], [@CR28]•\]. Therefore, it is imperative to recognize early those patients who are ready for discontinuation of mechanical respiratory support. A spontaneous breathing trial (SBT) is a systematic clinical assessment of the respiratory pattern, adequacy of gas exchange, hemodynamic stability, and subjective patient comfort that can be used to prompt consideration for ventilator discontinuation \[[@CR29], [@CR30]\]. In practice, systematic usage of SBT leads to earlier discontinuation of mechanical ventilation and it has been shown that up to 77% of critically ill adult patients who tolerated SBT were able to be successfully extubated \[[@CR30]\]. While similar outcome data for SBT does not yet exist in pediatrics, and there remains controversy over both the optimal technique to perform an SBT and the criteria defining a successful SBT, investigation is currently underway in pediatrics.

Patients requiring mechanical ventilation are often maintained on continuous sedative infusions; thus, it is important to pay attention to the effects of sedation on respiratory drive and how the level of sedation may affect a patient's success of liberation from mechanical ventilation. Deep sedation has been associated with longer duration of mechanical ventilation and reduced 6-month survival \[[@CR31]\]. One such option to systematically assess a patient's sedation requirements and ability to be more awake while mechanically ventilated is through a trial of daily sedation interruption, or a "sedation holiday." This daily sedation interruption is often referred to as a spontaneous awakening trial (SAT). A SAT used alone or paired together with SBT has been shown to lead to earlier discontinuation of mechanical ventilation, decreased ICU length of stay, and improved 1-year survival in critically ill adult patients \[[@CR28]•, [@CR32]\].

### Tips for Implementation {#FPar2}

Start by forming a multidisciplinary team of physicians, respiratory therapists (RT), and registered nurses (RN) to agree on selection criteria that would allow patients to begin SBT trials, set the criteria that determine trial failure, and determine what next steps will be for patients who have passed the SBT. Once agreed upon criteria are established, trial a huddle each morning to discuss which of the current patients in the PICU meet criteria. Be sure to coordinate the SAT/SBT trial with RN/RT availability. Over time, consider tracking the percentage of patients that qualify for SAT/SBT who pass and are able to be successfully extubated.

Choice of Sedation {#Sec6}
------------------

The use of deep sedation has been shown to be associated with worse short-term and long-term outcomes \[[@CR31], [@CR33]\]. Whenever feasible, the goal of sedation should be to have our patients be as close to alert and calm as safely possible. Numerous adult studies have demonstrated significant benefit in optimizing pain treatment in critically ill patients versus only providing sedatives. This practice, termed "analgosedation," has been shown to decrease duration of mechanical ventilation and shorten ICU length of stay in adults \[[@CR34]\]. As new drugs emerge and we continue to learn about the detrimental effects of long-term sedation and neuromuscular blockade, sedation and analgesia for our patients become an increasingly important and complex choice.

The first choice when determining a sedative and analgesic regimen for a critically ill patient is to choose the degree/depth of sedation targeted. The Richmond Agitation Sedation Scale (RASS), the State Behavioral Scale (SBS), and the COMFORT behavioral scale (COMFORT-B) are validated sedation scales for use in pediatrics, with the RASS and the COMFORT-B having the advantage of having been validated in both intubated and non-intubated patients \[[@CR35]--[@CR37]\].

Once the depth of sedation is chosen, it is important to focus on the selection of specific sedative and analgesic medications. In the last decade, an overwhelming amount of data has shown that benzodiazepines are independently associated with the incidence of delirium \[[@CR38]•, [@CR39]\]. In light of this evidence, benzodiazepines should not be used as a first-line sedative in critically ill children. The use of dexmedetomidine has increased in the PICU over the last decade and may shorten length of mechanical ventilation as well as lower opioid requirements and incidence of delirium \[[@CR40], [@CR41]\].

One emerging area of interest in the last decade has been the use of sedation protocols. The Randomized Evaluation of Sedation Titration for Respiratory Failure (RESTORE) trial showed that protocolized sedation was feasible and led to fewer days of opioid administration and exposure to fewer sedative classes and that patients were more often awake and calm. However, protocolized sedation was not found to reduce the duration of mechanical ventilation and did increase days with any report of pain and agitation \[[@CR42]\]. Subsequent studies of nurse-driven sedation protocols have continued to show its safety and efficacy, as well as its ability to reduce benzodiazepine administration, shorten duration of mechanical ventilation, and decrease the occurrence of withdrawal symptoms \[[@CR43], [@CR44]\].

### Tips for Implementation {#FPar3}

Start by incorporating a validated tool for sedation in the nursing assessment and educate key stakeholders (nursing, residents/fellows) on the benefit of analgosedation. Incorporate and discuss sedation targets/goals at least daily on rounds. Form a multidisciplinary team to develop and implement a sedation protocol; addressing analgesia first and avoiding benzodiazepines are the first-line choice of sedative.

Delirium: Assess, Prevent, and Manage {#Sec7}
-------------------------------------

Delirium is a prevalent and serious complication of critical illness. This complication affects 25--47% of critically ill children in the PICU \[[@CR45]•, [@CR46], [@CR47]\], with an even higher prevalence in children following cardiac surgery and cardiopulmonary bypass \[[@CR48], [@CR49]\] and in children requiring extracorporeal membrane oxygenation support \[[@CR50]\]. The development of delirium in critically ill children has been shown to be associated with increased morbidity and mortality, longer duration of mechanical ventilation, increased length of stay, as well as higher resource utilization and medical cost \[[@CR51]--[@CR53]\].

There are three motoric subtypes of delirium: hyperactive, hypoactive, and mixed-type delirium. In critically ill children, the hypoactive subtype is by far the most common. Hypoactive delirium is characterized by inattention, decreased responsiveness, and lethargy, and without standardized use of validated pediatric delirium screening tools is the most likely to be missed or misdiagnosed as oversedation. There are three validated screening tools for use in critically ill children: the Pediatric Confusion Assessment Method for the Intensive Care Unit (pCAM-ICU) and the Preschool Confusion Assessment Method for the ICU (psCAM-ICU), the Cornell Assessment of Pediatric Delirium (CAPD), and the Sophia Observation Withdrawal Symptoms-Pediatric Delirium (SOS-PD) scale \[[@CR46], [@CR47], [@CR54], [@CR55]\]. The use of these screening tools is paramount to the assessment and diagnosis of delirium in critically ill children.

In the last decade, modifiable and nonmodifiable risk factors for the development of pediatric delirium have been identified. Younger children, especially under the age of 2, are at higher risk of delirium, as are children with underlying developmental delay, preexisting conditions, and higher severity of illness at PICU admission \[[@CR45]•, [@CR46], [@CR47]\]. The use of benzodiazepine has been shown to be an independent risk factor for the development of delirium, with a dose-response effect \[[@CR38], [@CR53], [@CR56]\]. A recent study found that children receiving benzodiazepines had over three times the likelihood of becoming delirious, after controlling for cognitive status, mechanical ventilation, and opiate use \[[@CR39]\]. Other potentially modifiable risk factors include the use of restraints \[[@CR45]•\], anticholinergic medications \[[@CR57], [@CR58]\], and red blood cell transfusions \[[@CR59]\].

Delirium has multifactorial etiologies and triggers; it can develop as a complication of the underlying illness and organ dysfunction, and be precipitated by sedation, uncontrolled pain, withdrawal, sleep disruption, and the abnormal ICU environment and immobility. The clinical symptomatology of delirium can be difficult to distinguish from pain and iatrogenic withdrawal syndrome, which makes the use of a validated screening tool paramount in its diagnosis (Fig. [1](#Fig1){ref-type="fig"}). Preventing and managing delirium therefore starts with a careful identification of triggers and the underlying etiology. There is a paucity of evidence to truly guide the prevention and management of pediatric delirium. Studies in adult ICU patients have shown that implementation and adherence to the ABCDEF liberation bundle had a significantly lower risk of delirium \[[@CR18]••\]. Recent studies in adults have shown that antipsychotics are not effective in significantly decreasing the duration of delirium \[[@CR60]\]. Antipsychotics can be helpful for symptomatic management when a child continues to experience delirium despite the optimal management of the underlying illness and minimizing iatrogenic triggers. Although this represents off-label use, quetiapine was shown to be safe and effective in a randomized controlled trial \[[@CR61]\], and case studies suggest the same for risperidone and olanzapine \[[@CR62]--[@CR64]\].Fig. 1Overlap of behavioral cues in pain, sedation, withdrawal syndrome, and delirium. Reprinted from Julia Harris et al., Intensive Care Medicine 2016

### Tips for Implementation {#FPar4}

Start by choosing a validated screening tool for delirium and integrating it into the nursing assessment. Avoid unnecessary sedation and avoid the use of benzodiazepines whenever possible. Once delirium is diagnosed, a careful evaluation of inciting events and etiology is warranted. The off-label use of atypical antipsychotics can be helpful in symptomatic management if delirium persists.

Early Mobility and Exercise {#Sec8}
---------------------------

ICU-acquired weakness is a well-described phenomenon in adults \[[@CR65]--[@CR67]\] and children \[[@CR68]--[@CR71]\]. Early mobility (EM) \[[@CR72]\], the practice of physical and occupational therapy early during critical illness, is used to prevent and treat ICU-acquired weakness. Biopsies in adults with septic shock suggest early mobility may maintain muscle fibers and lessen the muscle atrophy associated with critical illness \[[@CR73]\]. Adult studies have shown several other benefits of EM, including decreased delirium incidence, decreased ICU length of stay, decreased hospital length of stay, decreased ventilator days, and earlier attainment of activities of daily living \[[@CR74]--[@CR77]\].

Varied developmental stages and a broad spectrum of ages can make EM more challenging in pediatrics \[[@CR78]\]. In addition to protocolization and equipment barriers, many studies have found staff perceptions to be a significant barrier \[[@CR78], [@CR79]\]. However, a systematic review of 11 pediatric EM studies and over 1100 patients found only 1% of patients had any type of adverse event related to EM, suggesting EM is also safe in the PICU population \[[@CR80]\]. Staff perceptions may be amenable to change with education and development of a multidisciplinary protocol \[[@CR79]\]. EM outcomes data in pediatrics is sparse, but several studies have demonstrated feasibility \[[@CR78], [@CR81]--[@CR84], [@CR85]•\]. Two pediatric studies have found significant clinical benefits related to EM. In a single-center pre-post cohort of pediatric liver transplant patients, implementation of an EM program resulted in faster ambulation and shorter hospital length of stay \[[@CR86]•\]. Simone et al. instituted delirium screening, protocolized sedation, and an EM protocol in a staged approach in single-center PICU and noted decreased incidence of delirium after implementation of EM \[[@CR85]•\]. Further studies are needed to elucidate the clinical benefits of EM in the PICU population.

### Tips for Implementation {#FPar5}

Engage key stakeholders early and build a multidisciplinary committee (i.e., physical therapy, occupational therapy, nursing, respiratory therapy, administration, physicians and nurse practitioners or physician assistants, child life specialists, speech therapists) to create, champion, and implement a unit-wide protocol. Protocols should take into consideration unit- and hospital-specific needs and resources, and always make patient safety a priority. Engage bedside staff with education, hands-on experience, and success stories to encourage protocol adherence.

Family Engagement and Empowerment {#Sec9}
---------------------------------

Patient- and family-centered care (PFCC) is not a novel concept to pediatricians, as it is a core value in the field of pediatrics given the importance of family engagement to the successful care of children. PFCC is rooted in the understanding that involving patients and families in their own care or their loved one's care is a mutually beneficial experience that will result in improved patient satisfaction, decreased patient anxiety, confusion, and agitation, and potentially higher quality care and safer care \[[@CR87]--[@CR89]\]. The core PFCC values in the ICU liberation bundle are keeping patients and families informed, actively involving patients and families in decision-making, actively involving patients and families in self-management, providing both physical comfort and emotional support to patient and families, and maintaining a clear understanding of patients' concepts of illness and cultural beliefs \[[@CR90]\].

### Tips for Implementation {#FPar6}

Form a patient and family counsel to help identify areas for improvement and guide change. Consider a family survey to understand baseline family engagement in your PICU. Common ways to institute PFCC include open visitation policies, family-centered rounds, allowing family presence during codes, providing education to families on how they can participate in care, encouraging families to be part of your unit's safety culture, providing ICU diaries, and practicing shared decision-making to create a partnership between the ICU team and families.

Challenges to Bundle Implementation {#Sec10}
===================================

Implementation of the ABCDEF bundle can be daunting since it requires a multidisciplinary collaborative approach and a real culture change. A recent review on the existing barriers to ABCDE bundle implementation in adult ICU identified four distinct domains: (1) patient-related, (2) clinician-related, (3) protocol-related, and (4) ICU contextual barriers \[[@CR91]\]. These domains are consistent with domains of the Consolidated Framework for Implementation Research (CFIR), a widely-used framework in implementation science \[[@CR92]\]. Each PICU will likely face different barriers within each domain, and the first step to implementation should be to identify our own unit's barriers.

One of the most common hurdles to protocol implementation is provider buy-in. Bedside providers may have concerns about patient safety (especially for early mobility and the use of an analgosedation model) and may think that the risk it poses outweighs potential benefits. With effective education on the safety and feasibility of bundle implementation \[[@CR79], [@CR81]\] and ongoing feedback to providers with up to date data on how usage of the bundle is helping their patients, providers can feel empowered and motivated to lead bundle reliability performance. Involving multidisciplinary bedside providers and other key stakeholders early on during protocol design is also essential to ensure protocol feasibility and will help buy-in.

Another frequently encountered barrier to protocol implementation is resource limitations, especially the availability of personnel such as physical and respiratory therapists, and equipment. Support and engagement of senior health care executive can help secure and allocate the appropriate resources. The support of these groups is vital to the success of ABCDEF bundle implementation and function, as they can play an important role in motivating teams, helping to solve complex problems involving culture change within the hospital and ICU environment \[[@CR93]\]. A summary of these and other commonly encountered barriers can be found in Table [2](#Tab2){ref-type="table"}.Table 2Barriers to ICU liberation bundle implementation**Patient-related barriers**Clinical statusToo clinically unstableToo agitatedOversedatedDeliriousInadequate pain controlLack of patient cooperationNonverbal infant or toddlerOrgan supportDevices/cathetersExtracorporeal membrane oxygenationEndotracheal tubeContinuous renal replacement therapyWound vacs/other woundsClinician-related barriersSafety concernsNo champion/advocatePerceived workloadStaff attitude and lack of buy-inLack of knowledge and awareness about protocolLack of conceptual agreement about protocolProtocol-related barriersNo guidelines/protocolUnclear protocol criteriaProtocol development costLack of IT support for protocolLearning curveLack of clarity as to who is responsibleICU contextual barriersLack of support cultureInterprofessional team care coordinationDifficulty communicatingDifficulty collaboratingScheduling conflictsLack of resourcesPhysical environmentEquipmentStaff (RT, PT/OT)Staff turnoverLow prioritization and competing priorities

Future Directions {#Sec11}
=================

While the improvements in clinical outcomes using the ICU liberation bundle in the critically ill adult population is promising, similar outcome data for bundle implementation in pediatrics is lacking. Further emphasis should be placed on investigating the effect the ICU liberation bundle, as well as each individual bundle element, has on survival and morbidity related to critical illness in pediatrics. Similarly, PICS may be a significant issue for survivors of pediatric illness and their families, but no unified scales exist in the literature to be able to truly quantify the incidence of this problem. Unified outcomes scales are needed in order to better understand both the factors that predispose patients to developing PICS as well as improve long-term outcomes from those affected by PICS after hospital discharge.

As the survivorship of patients in the PICU increases, more focus will need to be placed on improving post-ICU functional status with intentional after-ICU support and interventions. One novel and developing approach to improving the lives of survivors of critical illness is the development of ICU follow-up clinics. This outpatient support has been used as part of post-ICU recovery models for some adult units after ICU discharge, though its impact on recovery remains largely unknown. This intervention has not been adopted widely, nor has it been studied extensively in the pediatric population. With advances in technology and the availability of telemedicine services, future research should explore whether a model for ICU follow-up can further improve the after-ICU recovery for critically ill pediatric patients and their families.

Conclusions {#Sec12}
===========

Medical advancements have led to a steady increase in survival among pediatric patients suffering from critical illness, though morbidity related to long-term physical, cognitive, and psychological effects persists for many pediatric patients and their families after hospital discharge. Use of systematic care bundles such as the ICU liberation bundle may further improve survival in pediatric patients as well as decrease the incidence of PICS. Widespread ICU liberation bundle implementation in pediatrics with systematic outcome monitoring and analysis will be essential for further advances in outcomes for pediatric survivors of critical illness.
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